Projection-operator techniques are used to obtain a new exact equation for the momentum of a particle in a harmonic lattice. The equation, valid for all times and mass ratios, permits a simple physical interpretation in terms of a reference system with the particle held fixed. It is demonstrated that the random forces which arise through the use of two different projection operators are equal and identical to the force on the heavy particle in the reference mechanic al system.
I. INTRODUCTION
In recent years projection-operator techniques have been widely used to develop a molecular theory of Brownian motion. ' Attention is focused on deriving the Langevin equation
P(t) = g P(t) + E(t) .
This phenomenological equation describes the momentum P(t) of a heavy particle in fluid bath. In it, f is the friction constant and E(t) a random force whose stochastic properties are specified. Early efforts' to examine the molecular basis of the Langevin equation were concerned with the exact analysis of the dynamical motion of a heavy particle in a harmonic lattice.
In the projection-operator method one arrives at a generalized Langevin equation that resembles Eq.
(1}and involves a complicated "random" force F'(t). For 
+ALLO= 0.
Equation (10) reduces to the equation
with use of Eqs. (13) and (6), and the fact that (15 ) since (EQ(T)) = 0. (0) gives us F;(t)=E'(I)+ 1 dTe" "'" "1(1 -(P)I. , F, '(T) . (21) To proceed, we evaluate Fp(T). Since iLQ describes the motion of the bath particles relative to the zeroth particle held fixed at an arbitrary posibon qo, it is useful to change coordinates to (22) In this coordinate system 
where the double angular bracket defines the average f e "(~~~)dq" dp" dqpdpp dp E g (t ) (1e -((P &I(i (E (0) 
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Using Eqs. (6) and (27) We may now write Eq. (14) as (33) t P (t) = F (t) --d7 P,(t -T) (F'(7) F,(0)) .
M (s4)
This expression is an exact equation of motion for the zeroth particle, in which the "random" force is a simple mechanical force in the reference system of N bath particles and one fixed particle. Notice that this expression is derived without reference to the mass ratio of the zeroth particle to the bath particles and is, in fact, exact for all mass ratios. (ii) For the harmonic system, the "random" forces Fo(t) and F(j(t) are exactly equal to Fo(t). This identical behavior for F((t) and Fo(t) need not be expected for systems with more general interactions. This is the first case where it has proven possible to interpret the "random" force, containing a modified propagator, exactly in terms of a reference mechanical system.
(iii) For general fluid systems, it is believed that (Fo(t)FO(0)) approaches (Fo(t) Fo (0) 
